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SUMMARY 


Objective: Infantile nystagmus syndrome is an eye movement disorder characterized by involuntary 
rhythmic oscillations of the eyes that are persistent throughout life, with a prevalence of about 0.14% in 
the general population. The aim ofthis study was to review the literature on infantile nystagmus syndrome 
to address diagnoses, surgical, optical, and pharmacological treatments. Methods: A literature review 
was conducted, drawing on articles from the PubMed and LILACS platforms covering the years 2000 to 
2022. The exclusion criteria were: articles published before 2000, duplicate articles, case reports that are 
not in PubMed or LILACS, and articles that are not related to the review topic. Results: The diagnosis 
is clinical, but tests such as optical coherence tomography and electroretinography are necessary to 
determine the etiology. Gene sequencing, either conventional Sanger (FRMD7 and GPR143) or next- 
generation gene sequencing, can help determine the etiology. The use of glasses can reduce nystagmus 
in some cases. Surgical treatment improves visual performance and correct anomalous head posture. 
Additionally, several studies have reported favorable results of gabapentin and memantine use in patients 
with infantile nystagmus syndrome. Conclusions: Although there are optical, pharmacological, and 
surgical treatments for childhood nystagmus syndrome, more research is needed to expand the types of 
treatments because treatment does not cure the disease permanently and completely. 


RESUMO 


Objetivo: A síndrome do nistagmo infantil é um movimento constante de vai e vem dos olhos, persistente 
ao longo da vida, com prevalência de cerca de 0,14% na população geral. revisar a literatura sobre síndrome 
do nistagmo infantil, buscando abordar diagnósticos, tratamentos cirúrgicos, ópticos e farmacológicos. 
Métodos: Realizou-se uma revisão de literatura, elaborada com artigos das plataformas PubMed e 
LILACS, abrangendo os anos de 2000 a 2022. Os critérios de exclusão foram: artigos publicados antes 
de 2000, artigos duplicados, relatos de casos, não estar no PubMed ou LILACS e não estar relacionado 
ao tema da revisão. Resultados: O diagnóstico é clínico, mas exames como tomografia de coerência 
óptica e eletrorretinografia são necessários para determinar a etiologia. O sequenciamento genético, seja 
Sanger convencional (FRMD7 e GPR143) ou sequenciamento de genes de próxima geração, pode ajudar a 
determinar a etiologia. O uso de óculos pode reduzir o nistagmo em alguns casos. O tratamento cirúrgico 
visa melhorar o desempenho visual e corrigir a postura anômala da cabeça. Além disso, vários estudos 
relataram resultados favoráveis do uso de gabapentina e memantina em pacientes com síndrome do 
nistagmo infantil. Conclusões: Embora existam tratamentos ópticos, farmacológicos e cirúrgicos para 
síndrome do nistagmo infantil, mais pesquisas são necessárias para ampliar os tipos de tratamentos, 
pois o tratamento não cura a doença de forma definitiva e completa. 
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INTRODUCTION 


Infantile nystagmus syndrome (INS) is an oculo- 
motor disorder of unknown etiology, clinically cha- 
racterized by involuntary rhythmic oscillations of the 
eyes, in which they move back and forth constantly. 
INS may arise at birth or in the first years of life! 
3, The occurrence in the general population is about 
0.14%. The eyes tend to oscillate on the horizontal 
axis, although vertical and/or twisting movements 
may be secondary. Since nystagmus is bilateral and 
usually conjugated, the amplitude of the movement 
is similar in both eyes (OU), ranging from 0.3º-15.7º, 
with an average frequency of 2-3 Hzº*. In addition, 
INS can occur spontaneously or be hereditary (X- 
-linked, recessive or dominant)”, and mutations have 
also been found in the FRMD gene”. 

In 1967, Cogan et al. published an article dividing 
this syndrome into sensory nystagmus and motor 
nystagmus, depending on the type of eye movement 
(pendular and saccadic or jerk, respectively); however, in 
1974, he clarified that the type of movement would 
not be enough for this division, since in some gaze po- 
sitions, a nystagmus classified as sensory, for exam- 
ple, could have a saccadic component, thus making 
this classification obsolete”. 

In INS, the eyes oscillate constantly and predo- 
minantly on the horizontal axis, although twisting 
or vertical movement may be present as a secondary 
component. Another manifested symptom is head 
tilt, a vicious position that does not depend on eye 
sway and does not seem to be linked to any asso- 
ciated condition.” Visual acuity (VA) is variable, de- 
pending on the presence of some associated eye con- 
dition*!9!!, The diagnosis is predominantly clinical, 
but complementary tests can be useful to clarify 
the etiology, such as optical coherence tomography 
(OCT)!2!º and electroretinography (ERG)'S?!. 

Given the relevance of this issue and its impact 
on the population's vision, the objective of the pre- 
sent work was to conduct a literature review on INS, 
addressing diagnostic methods, optical, pharmacolo- 
gical, and surgical treatments. 


METHODS 


A literature review was conducted by searching 
PubMed and LILACS databases covering the years 
2000 to 2022. The following terms were searched: 
“Nystagmus,” “Infantile nystagmus,” “Nystagmus 
diagnosis,” “Nystagmus treatment,” “Electroretino- 
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graphy,” and “Optical coherence tomography.” The- 
se terms were searched to address INS in general, its 
diagnosis, including complementary tests and its ma- 
nagement. Exclusion criteria included articles publi- 
shed before 2000, duplicate articles, case reports not 
published in PubMed or LILACS, and articles that 
were not related to the review topic. 

PubMed and LILACS databases were used becau- 
se they are reliable indexing sources for searching 
scientific articles and have many scientific publica- 
tions. A meta-analysis was not applicable in this ma- 
nuscript due to the heterogeneity of the articles used 
in this review, containing animal and human studies, 
and is therefore a qualitative rather than quantitative 
analysis of the data. 


RESULTS 


Taking into account the search conducted on 
PubMed and LILACS, applying the filters and exclu- 
sion criteria, 57 articles were selected for the present 
review, as detailed in figure 1. 


DISCUSSION 


1. Diagnosis 
1.1. Clinical presentation 

Nystagmus can be detected and identified without 
the aid of eye movement recordings, with the clinical 
observation of rhythmic and repetitive oscillations 
of the eyes, with or without sensory deficits“?, INS 
is one of several types of nystagmus that are usually 
seen in the early months of life, with ocular oscilla- 
tion, well-described clinical features, but not diagnos- 
tic, being important in determining prognosis?. 

Recording eye movement allows you to determine 
the waveform of the nystagmus motion, which is des- 
cribed in terms of amplitude, frequency, and overall 
pattern or shape of oscillation?*?, In addition, the in- 
tensity of the nystagmus is calculated by multiplying 
its amplitude by its frequency, which represents the 
average speed of eye movements?. It is important to 
note that the intensity of nystagmus in INS decreases 
with eyelid closure and convergence and disappears 
with sleep*. 

It is worth noting that in most cases, the eyes os- 
cillate constantly and predominantly on the horizon- 
tal axis (uniplanar movement). However, torsional or 
vertical motion may be present as a secondary com- 
ponent, with the presence of conjugated movements 
that increase in intensity with eccentric gaze and in- 
creased fixation effort”. 
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Figure 1. Chart representing the references found on Infanti 


The waveforms can be jerk, pendular, or a com- 
bination of both. Jerk-type waveforms are characte- 
rized by accelerating slow movements away from the 
fixture, interspersed with the resumption of active 
phase “jumps” that bring fovea back to the object of 
consideration. The pendular waveforms are domi- 
nated by slow, smooth eye movements toward and 
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away from fixation. Importantly, children who re- 
main in the pendular waveform for longer time tend 
to have greater vision impairment than those who 
progress from this waveform to the jerk waveform.? 
Kk should be noted that there are 12 waveforms of 
congenital nystagmus ranging from purely pendular 
to jerkº?, 
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Unlike patients with acquired nystagmus, pa- 
tients with INS rarely present with the complaint of 
oscilloscopy, sometimes reporting the symptom in- 
termittently, triggered, for example, by fatigue, stress, 
visual effort, or even excitement*22/-2º. Patients may 
present with head sway, or head tilting, a vicious po- 
sition that does not depend on eye sway and does not 
seem to be linked to any associated ocular condition, 
and is not compensatory, based on the INS descri- 
bed mainly in its mature form in older children and 
adults, 

VA is variable, depending on the presence of 
some associated eye conditions, ranging from 0.2 to 
0.5 logMAR, especially in cases of nystagmus in albi- 
nism, which manifests a VA of approximately 0.6 to 
0.9 logMARS101, 

Among the associated ocular disorders, the most 
frequent are ametropias, such as hyperopia, myopia, 
and corneal astigmatismºº-?, 

Furthermore, although most patients with INS 
have only idiopathic nystagmus, there are still about 
40% who have associated comorbidities, such as 
albinism, retinal dystrophies, aniridia, optic nerve 
disorders, achromatopsia, and congenital cataracts 
(Table 1/8458, 


1.2. Complementary diagnostic tests 

Although the diagnosis of INS is predominantly 
clinical, caution is needed to determine its etiology. 
A complete ophthalmologic examination is essential, 
noting the presence and nystagmus characteristics 
and performing biomicroscopy to analyze iris tran- 
sillumination and retina. In addition, it should in- 
clude the evaluation of head posture, VA at different 
viewing angles, and cycloplegic refraction, which are 
critical for effective therapeutic intervention”. 


Table 1. Main diseases associated with INS. 


Main diseases associated Prevalence per 10.000 


with the INS inhabitants* 
Low vision 4,2 
Retinal diseases 3,4 
Albinism 2,5 
Fusion maldevelopment 0,6 


nystagmus syndrome 


Source: Adapted from the article entitled “The prevalence of nystagmus: The Leicestershire 
Nystagmus Survey"*. 
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Complementary examinations, such as OCTI!215 
and ERG, allow specific causes to be determined!*2!. 
In addition, gene sequencing, either conventional 
Sanger sequencing (FRMD7 and GPR143) or next- 
generation gene sequencing, can aid in etiologic es- 
timation**. 

OCT is a noninvasive imaging method able 
to detect changes in retina and fovea!2. For infants 
and young children, a probe has been developed to 
perform OCT in a portable manner that can be per- 
formed quickly, making it an essential tool for iden- 
tifying retinal morphology in retinopathy of prematu- 
rity, maculopathy, retinal dystrophy, post-traumatic 
choroidal neovascularization, and Leber's congenital 
amaurosis (LCA)!*!5, 

ERG is a minimally invasive technique that pro- 
vides a direct and objective assessment of retina] 
function.!é It can be used as an auxiliary tool in the 
diagnosis of nystagmus associated with retinal dise- 
ases such as LCA, cone dystrophy, achromatopsia, 
and congenital stationary night blindness (CSNB)”, 
as well as spasmus nutans, a rare idiopathic acquired 
disorder of childhood that comprises a clinical triad: 
asymmetric pendular nystagmus, torticollis, and 
upward and downward head tilt!'”-!8. ERG results tend 
to be normal in patients with infantile nystagmus of 
idiopathic etiology; however, those with a mutation 
in FRMD7 may have ERG consistent with foveal hy- 
poplasia, and albinos may manifest an alteration of 
ganglion cell numbers!?2!. 

The sensitivity of ERG and visual evoked poten- 
tial (VEP) have not been extensively studied for the 
classification of congenital nystagmus; however, VEP 
demonstrates misrouting of fibers in ocular albinism, 
optic nerve hypoplasia, and chiasmatic glioma!”. 

It is possible to perform other tests such as mag- 
netic resonance imaging, visual fields, and angiofluo- 
resceinography motivated by clinical findings that 
indicate their performance, whether it is a positive 
family history for a disorder associated with nystag- 
mus, iris transillumination, optic nerve abnormality, 
abnormal retinal pigmentation, or systemic neurolo- 
gical signs. 

Importantly, cortical areas play an important role 
in controlling saccadic and pursuit functions. With 
the involvement of the brainstem, vestibular nuclei, 
cerebellum, and visual cortex in patients with nystag- 
mus, infratentorial lesions are expected in up to 40% 
of patients with multiple sclerosis**. Magnetic reso- 
nance imaging (MRI) of the brain is useful for nutans 
spasmus type nystagmus because it has been associa- 
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ted with diencephalic and optic nerve tumors. MRI is 
also the imaging method of choice for investigating 
patients with descending nystagmus, with approxi- 
mately a quarter of cases being due to a potentially 
treatable abnormality*>?”. 


1.3. Genetic study 

There is evidence for seven NYS gene loci: Xq26.2. 
[NYS1 (MIM 31 0700]], 6p12 [NYS2 (MIM]], 7p11.2 
[INYS3 (MIM 60 8345]], 13931-933 [NYS4 (MIM 19 
3003)], Xp11.4 [NYS5 (ME 30 0589]], Xp22.3 [NYS6 
(ME 30 0814)], and 1931-q32.2º. The most frequent 
cause would be X-linked, due to mutation of the 
FRMDY/ gene, located in the NYS1 locus (Xq2.6.2)20.3º, 
in addition to autosomal dominant and autosomal 
recessive inheritance”. 


2. Treatment 
2.1. Optical 

Initially, ametropia correction should be perfor- 
med because more than half of the children with INS 
have refractive errors, such as astigmatism, which 
can manifest itself in the first 10 years**, Both the 
prevalence and magnitude of astigmatism increase in 
the first 8 years of children with INS? 

In patients, in whom nystagmus is reduced when 
the eyes converge, prisms can be used to induce con- 
vergence. Proper convergence can be produced by pla- 
cing a pair of prism 7 diopter (7A], time-based pris- 
ms with a lens addition of one less spherical diopter 
(—1.00 sph) to compensate for induced accommoda- 
tion. If the patient responds to the prisms, he will 
also respond to the retraction of both medial rectus 
muscles*. 

The benefit of using optical prisms has been ob- 
served in patients with binocular vision; however, 
those with INS who have alternate fixation (i.e., tho- 
se who have ocular deviation and no binocular vision) 
will not benefit from this optical aid**. 

Optical treatment is sometimes sufficient to cor- 
rect the anomalous head position. Some authors, 
such as Hertle, advocated the prescription of complete 
cycloplegic correction and anisometropia in patients 
with nystagmus and in those under 10 years of age, 
and Reinecke, who agreed with the use of complete 
correction of hyperopia in children with nystagmus*. 


2.2. Pharmacological 
Studies have reported good results with the use 
of memantine and gabapentin for treating INS“. 
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Memantine can be started at low doses, such as 10 
mg daily for several days, and dosage can be gradually 
increased (for example, 20 mg daily for several days, 
30mg daily for several days, and then 40mg daily). 
Adverse effects are usually mild and tolerable (for 
example, headache, fatigue, and dizziness). As for ga- 
bapentin, higher doses may be required to achieve a 
beneficial response (e.g., up to 2,400 mg per day); ad- 
verse effects are also usually mild and tolerable, such 
as dizziness, ataxia, and fatigue”. 

Acetazolamide can be effective at a dosage of 250 
to 1000 mg twice a day; however, this drug has many 
adverse effects that are barely tolerable, including pa- 
resthesia, lethargy, kidney stones, and tinnitus, as 
well as the rare but serious adverse effects of agra- 
nulocytosis and aplastic anemia*. One study conclu- 
ded that drug treatment of nystagmus with topical 
brinzolamide was effective in a sample of 23 patients, 
but further studies are still needed?. Another study 
analyzed the effect of baclofen in eight patients, and 
it was concluded that this drug may be effective in a 
select group of patients with congenital periodic al- 
ternating nystagmus, a type of INS. Thus, it might 
be feasible to attempt treatment before considering 
surgical intervention in this condition?. 

Treatment with botulinum toxin, an important 
neurotoxin used in various medical procedures, has 
been used successfully in some cases of nystagmus 
associated with strabismus*?. 


2.3. Surgical 

Surgical treatment of INS has been performed for 
decades, with indications to correct the anomalous 
head position and/or improve VA and is offered to 
minimize nystagmus with convergence in patients 
with associated strabismus*!*?. They are usually per- 
formed when the child is between 7 and 8 years old**. 
In this review, the Anderson-kestenbaum procedure, 
the Ciúppers divergence procedure, tenotomy proce- 
dure, and muscle reinsertion are discussed. However, 
it is important to stress that despite the variety of 
surgical interventions available, there are no clear 
consensus and accepted clinical guidelines on relative 
efficacy and safety, and there are not enough data in 
the literature to determine whether some procedures 
are better than others for INS*º. 

In the early 1950s, Anderson and Kestenbaum 
independently published their hypotheses on the 
attenuation of anomalous head position in INS. An- 
derson defended the idea that there was a need for 
retrogression of the agonist rectus muscles, whose 
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action would be toward the vicious position of the 
head. In the case of blockage in the right gaze, the la- 
teral rectus of the abducting eye and the medial rectus 
of the abducting eye would be retracted. Kestenbaum 
advocated resection and retraction of the four hori- 
zontal rectus muscles, 4-10mm, with the intention 
of increasing image permanence in the foveat535, 
Thus, this procedure would involve shifting from the 
null position (a single position in which nystagmus 
would be minimal and VA would be improved) to the 
primary position, by the combined movement of the 
extraocular muscles, thus relieving the anomalous 
position of the head. Initially, these surgeries were 
done only for correcting torticollis. After this correc- 
tion, patients with large refractive errors would be 
offered the additional benefit of being able to direct 
their gaze through the optical centers of their glasses 
and thus gain an improvement in their VA*. 

In the following decades, the techniques were im- 
proved by researchers such as Parks, Calhoun, Harley, 
and Nelson, among others, and their variations were 
used to correct the anomalous position of the head, 
with the correction of an eccentric blocking point in 
patients with INS, enlargement of the blocking zone, 
and reduction of the intensity of nystagmus outside 
this zone*>**. Parks modified Kestenbaum's techni- 
que, performing the 5-6-7-8 technique (totaling 13 
mm in each eye), in which a 7-mm retraction is per- 
formed on the lateral rectus muscle, a 6-mm resec- 
tion of the medial rectus of the abducting eye, a 5-mm 
retraction of the other medial rectus, and finally an 
8-mm resection of the lateral rectus of the abducting 
eye. However, this technique presented high rates of 
recurrence of the anomalous head position over time, 
as did Calhoun and Harley's procedures. Nelson's 
procedure aimed to reduce the need for further sur- 
gery in the future by performing a 40% increase in re- 
section (7; 8.4; 9.8; and 11.2 mm) for head rotations 
up to 30º and a 60% increase (8; 9.6; 11.2; 12.8 mm) 
for head rotations of 45º or more3*, 

In the early 1970s, Cúppers introduced an arti- 
ficial divergence procedure that placed the patient's 
eyes in a position that constantly converged and the- 
refore decreased the amplitude and severity of nystag- 
mus in the primary eye position, resulting in impro- 
ved VA*4253 "This procedure consisted of retracting 
the medial rectus muscles to diverge the eyes in 
patients with convergence-suppressed nystagmus*. 
Consequently, a convergence effort would be requi- 
red for a wider view, and nystagmus would be sup- 
pressed**. However, for the Cúppers operation to be 
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successful, the patient should show improvement of 
nystagmus during convergence, in addition to having 
binocular fusion and stereopsis criteria that few nys- 
tagmus sufferers have. If the Ciúppers procedure was 
not properly evaluated preoperatively, there could be 
hypercorrection and exotropia postoperatively, requi- 
ring further surgery*º. 

The four-muscle tenotomy procedure would in- 
volve isolating each horizontal rectus muscle (two 
medial and two lateral rectus) with an absorbable 
polyglycolic acid suture placed on each muscle im- 
mediately posterior to its insertions, then moving on 
to disinsertion of each muscle and immediate rein- 
sertion at the same site as the insertions. Initially, 
such a procedure was performed in animals, with fa- 
vorable results supporting the hypothesis that teno- 
tomy and reinsertion of the horizontal extrinsic eye 
muscles could improve nystagmus in humans. The 
tenotomy and reinsertion procedure could be used to 
enlarge the blocking zone of INS and reduce the in- 
tensity of nystagmus*. In 2003, the first test of four- 
-muscle tenotomy was published in 10 adults with 
INS and no previous history of eye surgery. Nine pa- 
tients showed significant improvement in nystagmus 
and subjective visual functions with this surgical pro- 
cedure alone!*, In 2004, a study was published with 
five children with INS, also with no previous history 
of surgery, contributing to the idea that tenotomy of 
all four muscles would be effective for treating INS; 
however, because the jerk waveforms did not show 
changes, it was hypothesized that this technique was 
more resilient for treating INS>35S. In addition to 
these researches, more studies have shown positive 
results”, 

In conclusion, it was possible to perform a qua- 
litative analysis, showing that the diagnosis of INS 
would be mainly clinical; however, complementary 
exams could provide guidance, for example, on the 
prognosis and how the treatment could be directed. 
Also, it was possible to observe that although there 
are optical, pharmacological, and surgical treatments 
for INS, more research is still needed to broaden the 
therapeutic options because treatment would not 
always be able to completely cure the nystagmus. 
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